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(57) A clip applier and method for ligating a tissue
structure is provided. The applier has a two stage actu-
ation. In the first stage, a tissue structure is positioned
into the jaws of the clip applier The jaws close and lock
to a preset force to compress and temporarily occlude
the tissue structure. If satisfactorily positioned, the sec-
ond stage is initiated in which a clip is advanced through
the shaft of the clip applier in a closed position. At the
distal end of the clip applier, the clip is opened slightly to
capture the pre-compressed tissue structure, and is

FIG. 3B

Sterile occlusion fasteners and instrument and method for their placement

placed over the structure. The clip is then dissociated
from the business end of the instrument. Preferably the
clip comprises two leg members disposed in close prox-
imity to one another joined from opposing directions by
a connecting element. The connecting element restricts
separation of the leg members with opposing spring
members so as to provide substantially uniform parallel
deflection of the leg members from each other.
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Description

Background of the Invention

The present invention relates to sterile surgical fas-
teners, used to occlude bodily tissue structures, and the
methods and instruments for applying such fasteners.
More particularly, this invention relates to sterile clips,
and instruments and methods for placement of such
clips, that are used to ligate tubular structures within the
body, such as blood vessels, to impede the flow of bod-
ily fluid therethrough.

In order to prevent excessive fluid loss or bleeding
during a surgical procedure, a surgeon will typically
have to ligate or close various fluid ducts and/or blood
vessels before severing those vessels. There are many
types of mechanisms or devices for shutting off the ves-
sels such as ligating clips, hemostatic clips and the like.
In some instances the surgeon will tie a ligature or
suture about a vessel to close or shut the vessel. Ligat-
ing clips are well known in the art. Many of the clips are
metal and comprise a pair of legs which are connected
at one end. The vessel to be ligated is placed between
the legs and the legs forced together about the vessel to
close the vessel. Clips have also been developed from
plastic materials. However, since plastics do not have
the same strength and malleability characteristics as
metals, the plastic clips typically include some type of
locking mechanism so that when the legs are urged
together about the vessel they are locked in a closed
position.

Ligating clips should ensure closure of the vessel.
That is, they should completely shut off blood flow or
other fluid flow and not allow leakage. Also, the clips
should remain closed, should not open or break and
should not slip or slide out of position or off the vessel.
While it doesn't take much force to collapse and close a
vessel, the clips that are now typically used require sub-
stantial force to close or change configuration so that
once closed, the clip will remain in its closed position.

In minimally invasive surgery, in particular, endo-
scopic surgery, it has become desirable to provide
smaller instruments capable of reaching surgical sites
through smaller access ports. Smaller incisions cause
less damage in accessing the surgical site and the
access wounds from such incisions heal faster. In pres-
ently known clip appliers, the size of the instrument is
dictated, in general, by the size of the clip as it is passed
through the clip applying instrument to its business end,
and the size of the jaws used to crush the clips closed.
Clips are passed through the clip applying instrument in
an open position so as to allow the clip to capture a tis-
sue structure to be ligated before the jaws crush the clip
closed over the structure.

In currently used surgical access tubes or cannulas
and clip applying instruments for use in endoscopic or
laparoscopic surgery, the ratio of the cannula inner
diameter to the closed clip height as defined herein, is
greater than 7.0. Thus, presently, a relatively large
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access tube is required for relatively small closed clip
height.

It is therefore an object of the invention to provide a
clip which is contained in a space-efficient, closed posi-
tion until it reaches the structure to be ligated, thus ena-
bling the use of smaller access ports.

In endoscopic surgery, the business end of the
instrument is placed within the body through an appro-
priate cannula, body canal or small incision. The manip-
ulation of that business end by the surgeon is
accomplished outside the body. As a result, it becomes
more difficult to control the business end of the instru-
ment since it is further removed from the actual opera-
tion of the instrument. Any slight movement in the
manipulation of the instrument outside the body is mag-
nified at the business end of the instrument. Therefore,
there is a greater chance in an endoscopic procedure
that a slight movement of a clip applier as a clip is being
closed will cause clip misplacement. This is particularly
true considering that conventionally available clips
require high force to effectively form over a tissue struc-
ture.

It is therefore another object of the present inven-
tion to substantially reduce the forces required to endo-
scopically apply a clip to ligate a structure such as a
blood vessel. The less force required to place a clip, the
greater the chance of accurate clip placement and
therefore of positive vessel closure throughout the sur-
gical procedure. Further, the force used to crush the clip
also crushes the tissue, making the clip hard to remove,
if so desired. Also, the less force required to place a clip
on a vessel, the less likely the vessel will be cut or lac-
erated.

It is a further object of the present invention to pro-
vide a clip and clip applier which allow a user to close off
a vessel and determine whether the positioning is
appropriate before applying the ligating clip.

Clips now typically used are applied with a clip
applier which crushes the clip to a preset dimension.
Although a range of clip sizes exist to provide for ligation
of a variety of tissue structure sizes, frequently, the pre-
set dimension is too large for a smaller structure or too
small for a larger structure. If the structure is too small or
too large, or conversely stated, if the clip gap of the
closed gap is too large or too small, the clip has a
greater chance of being misplaced, of providing inade-
quate ligation force or of slipping off the vessel.

Furthermore, the presently used clips typically
comprise two legs attached at one end. Therefore, the
closure force varies along the length of the clip, the
greater force being closer to where the legs are
attached. Thus with such a clip configuration, the
chances are greater that the clip will slip from the clo-
sure site, particularly if the tissue is slightly misplaced
towards the clip opening.

It is therefore an object of the invention to provide a
clip and applier which reduce the chances of the clip
slipping from the ligated vessel site or of providing insuf-
ficient ligation. It is an object of the invention to provide
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a clip and a method of applying the clip to a wider range
of vessel sizes. It is also an object of the invention to
provide a clip which provides substantially uniform ligat-
ing force along the length of the clip.

Though the novel clip, instrument and methods of
the present invention are most appropriate for use in
endoscopic procedures and will be so described in the
following, it should be pointed out that the clip and/or the
instrument could also be used quite capably in tradi-
tional open type surgical procedures.

Summary of the Present Invention

In accordance with the present invention, a new
sterile clip, clip applier and method for ligating a tissue
structure is provided.

One embodiment of the invention provides com-
pression members at the distal end of a clip applying
instrument which compress and/or occlude a tissue
structure just prior to applying a ligating clip.

One feature of a preferred embodiment provides a
clip applier which ligates or compresses a tissue struc-
ture to a predetermined force as opposed to a specific
gap size or range before advancing a ligating clip to the
structure.

Another feature of a preferred embodiment pro-
vides an efficiently sized clip, which may be passed to
the distal end of the clip applier in a closed position.
When the clip reaches the distal end of the instrument,
it may be slightly opened, sufficiently to capture tissue
which has been compressed and/or occluded. Then,
the clip is released from the business end of the device,
and, because the material of which it is constructed
retains its resiliency and yields very little, the clip tends
to return to its original shape, thereby keeping the
ligated structure occluded.

The clip and instrument of the present invention
may be used in smaller diameter cannulas than prior art
clips and clip applying instruments used to close the
same size vessels. For example, a clip or a clip applying
instrument typically requiring a 10 mm cannula inside
diameter, may now only require a cannula having an
inside diameter of approximately Smm. An object of the
invention is to provide device in which a smaller size tro-
car may be used in conjunction with the clip applier for a
desired clip use.

Ideally the ratio of the cannula size (cannula inner
diameter) to closed clip height is as close to unity as
possible. For medium-large sized clips, the maximum
ratio of cannula size to closed clip height is preferably
about 2.7. The maximum ratio of cannula size to closed
clip height for the medium sized clip is preferably about
3.2. The maximum ratio of cannula size to closed clip
height for the small sized clip is preferably about 5.6.
The clip sizes defined herein are intended to generally
reflect the clip sizes known in the art and currently used
in disposable clip appliers for laparoscopic and endo-
SCOpIC surgery.
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A preferred embodiment of this aspect of the inven-
tion is in use with the clip of the present invention
advanced through the instrument in its closed or semi-
closed configuration. Using a closed configuration, no
jaws are necessary to contact the clip in order to close
the clip, the overall diameter of the instrument may be
reduced when compared to prior art instruments used
for the same function. This allows the instrument to be
used in smaller size access channels, incisions and/or
cannulas and reduces the size of the incision in the
patient. For example, currently used endoscopic clip
appliers are about 10 mm in outside shaft diameter. A5
mm outside shaft diameter clip applier and clip of the
present invention may be used to apply clips presently
only capable of being used only with a 10 mm or larger
size access tube and clip applier, for example, clips of a
8-9 mm closed length size.

Ideally, the ratio of the diameter of the clip applier
shaft to the final clip configuration height is as near unity
as possible, taking into consideration various design
constraints. The final clip configuration height is defined
herein to mean the height of the clip measured in a
plane perpendicular to the ligating surfaces when the
clip is closed over a tissue structure. The present inven-
tion more specifically provides a clip applier and a clip
wherein the ratio of the outer diameter of the clip applier
shaft to the final clip configuration height is less than
5.2, preferably less than about 3.0 and most preferably
less than 2.6. These preferred ratios have been deter-
mined based on conventional clip sizes and conven-
tional instrument and access tube sizes.

The clip applier of the present invention may be
adapted to receive clips of various sizes. However, the
clip of a preferred embodiment, itself, is adapted to
receive a range of various vessel sizes. This clip tends
to size itself as it is placed on the vessel. This feature
provides a clip having a preloaded force which will not
yield when the clip is deflected slightly, but sufficiently to
capture a tissue structure.

The clip as such is formed of a resilient (as opposed
to malleable) material and has tissue occluding leg
members biased to spring back to a near zero gap size.
The legs of the clips are biased together with a given
force and the force increases at increasing deflection.
The leg members include opposing ligating surfaces.

One embodiment of the invention provides a clip
which is deflected from multiple clip elements, so as to
divide the deflection force between multiple opposing
springs, among other reasons, to reduce the likelihood
of the clip yielding. For example, the clip may be
deflected from two ends so as to divide the deflection
force between two springs. The springs are arranged
with respect to the ligating surfaces to permit deflection
and closure of opposing ligating surfaces away from
and towards each other, respectively. The springs are
arranged so that opposite ligating surfaces provide sui-
ficiently uniform force to close off a tissue structure
placed therebetween. Preferably, the ligating surfaces
of the clip are biased towards each other but from direc-
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tionally opposite ends, so as to provide more uniform
force between surfaces over the length of the clip.

In one embodiment, a one piece clip is provided
with a plurality of opposing springs or spring force direc-
tions associated with opposing ligating surfaces.

In a preferred embodiment the clip comprises two
leg members disposed in close proximity and substan-
tially parallel to one another at least along the portion of
their lengths where a tissue structure is to be captured
and ligated. The leg members are connected to each
other by a connecting element which restricts separa-
tion of the leg members. The connecting element and
leg members provide an opening at the distal end of the
leg members, for capturing a tissue structure between
ligating surfaces associated with the leg members. The
connecting element, with which the springs are associ-
ated, allows the distal ends of the leg members to be
slightly pushed apart by forces applied to the clip. Once
those forces are removed the leg members return
toward their original position.

In one embodiment, two opposing parallel leg
members are joined by a connecting element having at
least two springs acting from different directions on
directionally opposed leg members. Preferably, two dia-
metrically opposing spring members provide substan-
tially parallel uniform deflection of the leg members from
each other. A first spring member permits a first parallel
leg to deflect away from a second parallel leg at the dis-
tal end of the clip. The second spring member permits
the second parallel leg to deflect from the first parallel
leg member proximal of the distal end of the clip. Prefer-
ably one of the two spring members is on a distal end of
the clip while the other spring member is located at or
towards the proximal end. The parallel legs provide an
opening on the distal end of the clip for receiving tissue
to be ligated. The opening may be angled to gather or
"funnel” tissue between leg members, or, when being
applied, may be opened by the applying mechanism to
funnel tissue.

In a preferred embodiment, each leg member has
at least one free end associated with it, such that the
free ends of each leg member are opposed, irrespective
of where connected. Preferably, the leg members are
cantilevered from both the distal and proximal ends of
the clip, one leg member from one end and the other leg
member from the other end, so that the free end of one
leg member resides at a restricted end of the other leg
member, and vice versa. The connecting element
restricts and connects each leg member at the leg
member's restricted end. In this embodiment, the leg
members are oriented so that their distal and proximal
ends directionally correspond to the distal and proximal
ends of a clip applying instrument wherein the distal end
of the instrument includes the business end of the
device.

The present invention also includes an instrument
and method for applying the sterile clip to a vessel to be
ligated. The instrument includes a handle having an
actuating trigger and an elongated shaft with jaw mem-
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bers at its distal end. The jaw members comprise a pair
of occluding surfaces diverging from each other from
their proximal end to their distal end. These surfaces are
arranged to accept a vessel to be ligated. The surfaces
may be placed on opposite sides of the vessel to be
ligated and occlude the vessel.

In operation, jaws of the instrument are placed
through an access channel or port such as a cannula.
The jaws of the instrument are positioned about the tis-
sue or structure to be ligated. The jaws of the instru-
ment may be rotated using a knob accessible by the
instrument user, to rotate up to 360 degrees in either
direction, to assist in positioning the jaws about the tis-
sue or structure to be ligated, and to provide operative
site visibility and accessibility. The jaws are preferably
biased apart by a spring having a predetermined force.
The spring loaded jaw closing mechanism closes the
jaws to a predetermined force. The jaws may be locked
in their closed position before the clip is placed over the
tissue structure.

Once the jaws are positioned, the trigger may be
actuated to close the jaws over the tissue or structure
and thereby temporarily occlude the tissue. At this point,
the user may examine: whether the appropriate tissue is
compressed; whether sufficient or excessive tissue is
compressed; and whether or not there is sufficient com-
pression, all accomplished before applying the clip to
the tissue. If the user is not satisfied, the trigger may be
released to open the jaws of the instrument disengaging
it from the tissue or structure without having applied a
clip. If the user is satisfied, the ratcheted trigger is
squeezed further. The clip is passed to the end of the
instrument which spreads the legs of the clip slightly so
that the opening at the distal end of the clip can accept
the tissue structure at or near where the diverging sur-
faces have compressed and occluded the tissue struc-
ture. The clip is advanced over the tissue and then is
disassociated from the jaws of the instrument. Following
release of the trigger, the jaws may be removed from the
tissue while the clip remains on the ligated vessel.

One embodiment of the invention provides an
applier having a single-trigger, two stage actuation
stroke for;

1) grasping and positioning of the tissue into the
instrument to find the appropriate clip position and
compressing tissue; and 2) locking the device and
advancing the clip onto the tissue.

In one embodiment, the second stage comprises
advancing the distal clip and moving the clip stack with
slightly delayed timing.

Another embodiment may include a plurality of trig-
gers used to actuate the functions of the instrument
described herein. For example, a first trigger is associ-
ated with a tissue compressing means and a second
trigger is associated with a feed means. The first trigger
is actuated causing the tissue compressing means to
compress tissue at the distal end. Then, the feed means
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feeds a fastener to the distal end of the instrument
where the fastener is placed over the pre-compressed
tissue and dissociated from the instrument.

An alternative embodiment provides an instrument
which applies a clip to a pre-compressed tissue struc-
ture. The clip may be shaped like a conventional clip but
in a semi-formed state so as to reduce the size of the
clip as it is passed to the end effector of the instrument.
A compression means of the end effector pre-com-
presses the tissue structure prior to closing the ligating
clip over the tissue. The tissue may be released from
the compression means of the end effector prior to
applying the clip. The clip has an opening just large
enough to fit over the pre-compressed tissue. After
advancing the clip over the pre-compressed tissue, the
end effector then crushes the clip closed, thereby ligat-
ing the tissue structure.

The invention will be more fully described in con-
junction with the specific embodiments given in the fol-
lowing drawings and description.

Brief Description of the Drawings

Fig. 1 is a side view of a clip applier of the present
invention.

Figs. 2A and 2B are an exploded perspective view
of a preloaded clip applier of a preferred embodiment of
the invention.

Fig. 3A is an enlarged cross sectional side view of
the clip applier of Figs. 2A and 2B in a resting position.

Fig. 3B is an enlarged cross sectional view of the
clip applier of Figs 2A and 2B in a tissue grasping posi-
tion at the end of a tissue grasping and compressing
stage, and at the beginning of the clip advancement and
placement stage of trigger actuation.

Fig. 3C is an enlarged cross sectional view of the
clip applier of Figs 2A and 2B at the end of the clip
advancement stage of trigger actuation.

Fig. 4A is a side cross sectional view of a portion of
the shaft of the present invention in a resting position.

Fig. 4B is side cross sectional view the portion of
the shaft of Fig. 4A with a feed bar advancing the distal
most clip in front of the feed bar.

Fig. 4C is side cross sectional view the portion of
the shaft of Fig. 4A with a feed plate advancing a stack
of clips.

Fig. 4D is a side cross sectional view of the portion
of the shaft of Fig. 4C with the feed plate and feed bar
returning to their original resting positions.

Figs. 5A is a side cross sectional view of the distal
end of the clip applier with jaws initially placed over a tis-
sue structure to be ligated.

Fig. 5B is a side cross sectional view of the distal
end of the clip applier with a tissue structure com-
pressed between the jaws.

Fig. 5C is a side cross sectional view of the distal
end of the clip applier with a clip advancing towards a
compressed tissue structure.
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Fig. 5D is a side cross sectional view of the distal
end of the clip applier with a clip placed over a tissue
structure.

Fig. 5E is a side cross sectional view of the distal
end of the clip applier with a clip placed over a tissue
structure and a kick-off spring displacing the clip from
the clip applier.

Fig. 5F is a side cross sectional view of the distal
end of the clip applier with a clip placed over a tissue
structure and the clip disengaged from the clip applier.

Fig. 6 is a side cross sectional view of the housing
of the clip applier.

Fig. 7 is a side cross sectional view of the coupling
mechanism of the clip applier.

Fig. 8 is a top cross sectional view of the coupling
mechanism of the clip applier.

Fig. 9 is a perspective view of the lower jaw.

Fig. 10 is a perspective view of the top jaw.

Fig. 11 is a perspective view of the clip of a pre-
ferred embodiment.

Fig. 12 is a top view of the clip of Fig. 11 prior to
being preformed.

Fig. 13 is a partial breakaway side cross-sectional
view of an end effector of an alternative embodiment of
the present invention in its initial position.

Fig. 14 is a cross section of the end effector of Fig.
13 along the lines 14-14.

Fig. 15 is a partial breakaway side cross-sectional
view of the end effector of Fig. 13 in a tissue compress-
ing mode.

Fig. 16 is a partial breakaway side cross-sectional
view of the end effector of Fig. 13 illustrating closure of
a clip.

Fig. 17 is a transverse cross-section of the instru-
ment of Fig. 4A along the lines 17-17.

Fig. 18 illustrates a trocar and cannula of the
present invention to be used in conjunction with an
instrument of the present invention such as illustrated
herein.

Detailed Description of the Invention

Referring now to Fig. 11 there is illustrated a clip 34
of the present invention. The clip 34 comprises a top leg
member 62, a connector portion 64, and a second leg
member 63. The connector portion 64 comprises an
elongated portion 77 and two spring members 65,66.
The first spring member 65 is located at the proximal
end of the clip 34 and is coupled to the proximal end of
the first leg member 62. The second spring member 66
is located at the distal end of the clip 34 and is coupled
to the distal end of the second leg member 63. The first
leg member 62 and the second leg member 63 are sub-
stantially parallel to each other along substantially their
entire length. Each leg member 62,63 has a tissue
engaging surface 78,79 respectively. Each tissue
engaging surface interfaces with the tissue engaging
surface of the other leg member. The tissue engaging
surfaces 78,79 include scored surfaces 98 for holding
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tissue between the interfacing surfaces and preventing
tissue from slipping out. The surfaces 78,79 may also
have dimples 97 or the like to ensure closure and pre-
vent movement of the clip 34 once it is placed on the tis-
sue structure. The proximal ends of the leg members
62,63 form an opening 85 for capturing a tissue struc-
ture 99 (Fig. 5) such as a tubular vessel. The top leg
member 62 includes two upper transverse tabs 75
located at the distal end of the top leg member 62. The
connector portion 64 includes two lower transverse tabs
76 located towards the distal end of the connector por-
tion 64. The clip has a height, h. The height is measured
in a plane perpendicular to the ligating surfaces when
the clip is passed through the shaft 5, prior to placement
over a tissue structure.

The clips of the present invention are preferably
made from various well-known materials or alloys of
materials, for example, of titanium, tantalum, stainless
steel, memory metals having super elastic characteris-
tics or the various plastic materials that have some resil-
iency such as polyolefins, glycolide-lactide polymers
and similar plastic materials. The yield strength of the
material should sufficient to allow opening by the instru-
ment of the clip, to place it over tissue and resiliently
return to its original closed configuration. Preferably, the
material used is a titanium alloy, such as for example,
titanium 3AI-2.5V.

Figure 12 illustrates a titanium strip 34a prior to per-
forming the clip 34 from the strip 34a. Transverse tabs
75,76 are formed in the titanium strip 34a by coining or
other known manufacturing methods. The strip 34a is
subsequently bent twice to form three substantially par-
allel portions, i.e., the leg members 62,63 and connec-
tor portion 64, and two bent portions, i.e., the springs
65,66. The bent portions act as springs biasing the
respective ends of the attached leg member towards the
opposite leg member, thus providing substantially uni-
form or substantially symmetrical biasing of the leg
members towards each other.

Referring now to Figs. 1-10, there is illustrated a clip
applier 1 of the present invention. A housing 4 includes
a stationary handle 10, a trigger 11 pivotally mounted to
the housing 4, and a knob 59 rotatably attached to the
distal end of the housing 4. The knob 59 and housing 4
are coupled to the proximal end of an elongated shaft 5.
The shaft 5 includes a stationary elongated lower jaw
portion 41 terminating in jaw 9, a grasper bar 31, a feed
plate 130, a feed bar 32, a support tube 33, a stack 35
of clips 34, a feeder shoe 70 and, at its distal end 40, a
pair of jaws 8, 9 for grasping and compressing a tissue
structure 99 to be ligated.

The outer diameter, Dg, of the shaft 5 comprises
the support tube 33 having a lumen through which
extend the lower jaw portion 41, grasper bar 31, feed
plate 130, and feed bar 32. The support tube 33 termi-
nates just proximally of jaws 8,9 to permit pivotal action
of jaws 8,9. The support tube 33 is constructed to resist
excessive torquing to and/or deflection of the various
parts of shaft 5.

10

15

20

25

30

35

40

45

50

55

The support tube 33 and the lower jaw portion 41
are rotatably attached to the housing 4 by way of rotat-
ing knob 59. The knob 59 is attached to the support
tube 33 by a tab snap fit between the opening inner
diameter of the knob 59 and the outerwardly protruding
tabs 49 at the proximal end of the support tube 33.
Inwardly protruding lugs 48 of the knob 59 are rotatably
engaged with outwardly protruding tabs 49 of the sup-
port tube 33. The knob 59 permits 360 degree rotation
of the shaft 5 with respect to the housing 4.

The trigger 11 includes a trigger arm 18 extending
from the housing 4 so that the user may hold the handle
10 and actuate the trigger 11 by grasping the trigger
arm 18 with the same hand. Posts 12 molded into trig-
ger 11 fit into bosses 13 molded into housing 4, so as to
permit pivotal movement of trigger 11 with respect to
handle 10.

Housing 4 further includes a feed cam 16 pivotally
attached to the housing 4 and slidably coupled to the
trigger 11. The feed cam 16 is coupled on one end to a
coupling mechanism 17. The coupling mechanism 17
couples the force applied to the trigger 11 to the tissue
grasping/compressing and clip advancing/placing func-
tions of the device. The trigger 11 includes a trigger post
19 which moves within a slot 20 in the feed cam 16. The
trigger 11 is actuated by applying a force to the trigger
arm 18 to rotate the trigger arm 18 towards the handle
10. This force causes: the trigger 11 to pivot about posts
12; and the post 19 to move within the slot 20 to pivotally
rotate the feed cam 16 with respect to the housing 4.
The rotation of the feed cam 16 multiplies the trigger
force translating it into longitudinal movement of the
coupling mechanism 17 as described in more detail
below.

The coupling mechanism 17 is arranged longitudi-
nally with respect to the longitudinal axis of the shaft 5.
The coupling mechanism 17 is comprised of a grasper
coupling 21, a feeder coupling 22, an in-line spring 23
and a return spring 24. The proximal end of the feeder
coupling 22 includes a rearward extending post 26, and
a radially extending circular surface 27. The feed cam
16 has two radially extending arms 25 which straddle a
proximal or rearward extending post 26 of the feeder
coupling 22, and are slidably mounted between radially
extending circular surface 27 and rearward extending
post 26. The radially extending arms 25 translate the
rotational movement of the feed came 16 to longitudinal
movement of the coupling mechanism 17.

Longitudinal movement of the coupling mechanism
17 comprises two distinct steps. The first step com-
prises compression of the return spring 24 which has a
lower spring preload and/or a lower spring constant
than the in-line spring 23, and therefore compresses
with less force. The first step corresponds to the tissue
grasping and compression step of the trigger actuation.
The second step comprises the compression of the in
line spring 23, in general, for the most part, after the
return spring 24 has compressed. The second step cor-
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responds to the clip advancement and placement and
the stack advancement steps of the trigger actuation.

The distal end of the feeder coupling 22 is slidably
fitted and longitudinally moveable within the proximal
end of the grasper coupling 21. The grasper coupling 21
includes a radially extending circular surface 28. The in-
line spring 23 is situated over the feeder coupling 22
and grasper coupling 21, and between circular surface
27 and circular surface 28. The in-line spring 23 acts on
circular surface 27 and circular surface 28 to longitudi-
nally bias feeder coupling 22 and grasper coupling 21
away from each other. The grasper coupling 21 includes
a second radially extending circular surface 29 on its
distal end. The proximal end of the return spring 24
abuts against the distal end of the second circular sur-
face 29. The lower jaw portion 41 includes a circular
surface 36 on its proximal end enclosed within rotation
knob 59 of housing 4. The distal end of the return spring
24 abuts against the circular surface 36. Thus, the
return spring 24 biases the grasper coupling 21 in a
proximal direction away from the proximal end of the
shaft 5, i.e,, away from the circular surface 36 of the
lower jaw portion.

As an initial force is applied to the trigger arm 18,
the feed cam 16 advances the coupling mechanism 17,
the return spring 24 compresses, and the grasper cou-
pling 21 longitudinally advances. Upon application of an
appropriate additional amount of force, the feeder cou-
pling 22 will slide towards the grasper coupling 21 as the
in line spring 23 compresses.

Tissue is grasped and compressed by the top jaw 8
closing towards the jaw 9 of the stationary lower jaw
portion 41. An elongated portion 37 of the lower jaw
member 41 extends through an aperture 30 in the hous-
ing 4 and an aperture 96 in the knob 59, and along the
longitudinal axis of the shaft 5. The elongated portion 37
is formed in a u-shape by side walls 38 and floor 39. The
elongated portion 37 ends in a lower jaw 9.

The grasper bar 31 is attached at its proximal end to
the grasper coupling 21 and extends longitudinally
through an opening 47 circular surface 36 and the elon-
gated portion 37 of the lower jaw portion 41. The
grasper bar 31 includes a ceiling 69 and two side walls
68 which curve towards each other to form a C-shape.
The two side walls 68 fit inside and adjacent side walls
38 of lower jaw portion 41. The lower jaw portion side
walls 38 include notched surfaces 61. Forward longitu-
dinal motion of the grasper coupling 21 is transferred to
the grasper bar 31.

The top jaw 8 is located at the distal end of the
grasper bar 31. Downwardly extending posts 55 on the
distal bend of the grasper bar 31 are inserted into corre-
sponding slots 56 of top jaw 8 to movably attach the
grasper bar 31 to the top jaw 8. The top jaw 8 includes
a pair of hooks 51 on each side of the proximal end of
the jaw 8. The hooks 51 pivotally engage the lower jaw
9 at indentations 52 in lower jaw 9. The top jaw 8 and
lower jaw 9 include interfacing tissue contacting sur-
faces 53,54, respectively. Jaw 8 includes a window 87

10

15

20

25

30

35

40

45

50

55

through which compressed tissue may be viewed during
the tissue compressing stage, and where a clip may be
viewed during the clip advancing stage.

Advancement of the grasper bar 31 pivots the top
jaw 8 closed towards the lower jaw 9 so that the interfac-
ing surfaces 53, 54 move together to compress any tis-
sue structure engaged between jaws 8,9. In this
embodiment the lower jaw 9 is stationary while the
upper jaw 8 is movable with respect to the lower jaw 9.
Surface 54 of jaw 9 includes a series of teeth or inter-
ruptions 57 in the surface that reduce the distal move-
ment of tissue engaged or compressed by the jaws 8, 9
relative to the distal advancement of the clip 34 on the
compressed tissue. The interruptions 57 assist in prop-
erly positioning the tissue for accurate placement of the
clip 34 on tissue. A pair of proximal tissue stops 100
incorporated into fronts of hooks 51, prevent tissue from
going into the device proximally of jaw 8. The interrup-
tions 57 and tissue stops 100 properly place the tissue
in the amount to be ligated, where the clip disengages
from the device. This is particularly important as the clip
34 in this embodiment does not extend as long as the
jaws 8,9.

Release of the trigger 11 releases the return spring
24, which causes the grasper bar 31 to retract and the
top jaw 8 to open. The grasper bar 31 includes a down-
wardly extending tab 137 which slideably fits into notch
138 proximally located in feed plate 130 and notch 139
proximally located in feed bar 32. The tab 137 in the
grasper bar 31 serves to provide positive and aligned
retraction of the feed plate 130 and feed bar 32 with the
grasper bar 31.

After the jaws 8, 9 close over a tissue structure 99
to be ligated, the trigger arm 18 is squeezed further ini-
tiate the second step, i.e., clip advancement and place-
ment. As the trigger is squeezed, a step force arm 2 on
the trigger 11 contacts a corresponding step force rib 6
on the housing 4. When the return spring 24 is com-
pressed and the jaws 8,9 closed to the force of the
return spring 24, a protrusion 3 on the step force arm 2
contacts the corresponding step force rib 6 which
imparts an increase in the tactile force felt on the trigger
arm 18 by the user. This increase in force denotes the
separation between the jaw closing mode and the clip
advancement mode in the two-stage, single stroke actu-
ation. Similarly, the feed cam 16 has an anti back-up
arm 14 with a protrusion 15 at its distal end. Anti back-
up arm 14 contacts a corresponding backup rib 7 on the
housing 4 to prohibit the reversal of the feed cam rota-
tional motion. This occurs at the transition between the
jaw closing mode and the clip advancement mode of the
trigger stroke. The back-up rib 7 measures a complete
stroke of the trigger before it permits the anti back-up
arm 14 to disengage therefrom, thus ensuring the clip
34 is properly advanced all the way onto the tissue, as
described in more detail below.

Two engagement arms 44 with inwardly protruding
tabs 45, extend from the proximal end of the feed bar
32. The engagement arms 44 extend through an open-
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ing in the distal end of the grasper coupling 21 into the
feeder coupling 22. Feeder coupling 22 has a center rib
section 46 which is straddled by the engagement arms
44 of the feed bar 32 and is engageably coupled by tabs
45. The feed bar 32 is advanced by the forward motion
of the feeder coupling 22.

In the second mode, i.e., the clip advancement and
placement mode, trigger arm 18 advances the feeder
coupler 22 which advances the feed bar 32 which in
turn, after a delay, advances feed plate 130. The feed
plate 130 and feed bar 32 extend through the opening
47 in circular surface 36 and longitudinally between the
elongated portion 37 of the lower jaw portion 41 and the
grasper bar 31. The feed plate 130 is slideably coupled
to the feed bar 32 with upwardly extending side walls
135 and a tab 131 extending downward from the feed
plate 130 into a slot 132 in the feed bar 32. The feed bar
32 is arranged to permit the tab 131 to slide within the
slot 132 until the feed bar 32 advances distally so that
the proximal end 132a of the slot 132 engages the feed
plate tab 131 causing the feed plate 130 to advance.
The feed bar 32 ends in a slightly bent heel portion 43.

A stack 35 of clips 34 is preloaded into the clip
applier in an end to end configuration along the longitu-
dinal axis of the shaft 5.

During the second trigger step, the heel portion 43
advances the distal most clip into the jaws 8,9 and
towards an engaged compressed tissue structure 99.
The feed plate 130 advances the subsequent stack 35
of clips in a delayed manner after the feed bar 32 initially
advances the distal most clip 34. The heel portion 43
continues to advance the distal most clip into the jaws
8,9 and over an engaged compressed tissue structure
99 as the feed plate 130 advances the stack 35.

The feed plate 130 sits on top of the feed bar 32
which sits on top of the floor 39 of the lower jaw portion
41. The stack 35 of clips 34 sits on top of the feed plate
130 between the feed plate 130 and the ceiling 69 of the
grasper bar 31. The stack 35 is surrounded by the side
walls 38 of the grasper bar 31 which form the C-shape
of the bar 31. In the open state, the distal most clip 34 in
the stack 35 is positioned distally beyond the distal end
of the feed plate 130 and the heel 43 at the distal end of
the feed bar 32 and just proximal of the lower jaw 9. The
stack 35 of clips 34 with a feeder shoe 70 positioned
proximal of the last clip in the stack 35, is advanced dis-
tally through the shaft 5 by the feed plate 130 which is
advanced by the slot 132 of the feed bar 32 slideably
engaging the tab 131 of the feed plate 130.

The feeder shoe 70 has a main body 71 and a can-
tilevered lower arm 72 biased away from the main body.
A tab 73 extends downward from the lower arm 72 and
engages in one of a longitudinal series of slots 60 in the
feed plate 130, i.e., so that the feed shoe 70 is posi-
tioned just proximal of the last clip in the stack 35. The
feed bar 32 includes a v-shaped indentation 134 which
receives the tab 73 of the feeder shoe 70 when the tab
73 extends through a slot 60 in the feed plate 130. The
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feed shoe 70 further comprises transversely biased
arms 74 extending from the sides of the feed shoe 70.

The body 71 of the feeder shoe 70 is contained and
held in place by C-shape grasper bar 31. The cantilev-
ered lower arm 72 is contained by side walls 135 of
feeder plate 130. The arms 74 extend through an open-
ing between the grasper bar 31 and feed plate 130 to
side wall 38 of lower jaw 9.

During the resting stage and when the grasper bar
31 is advanced, the arms 74 are in contact with the
notched surfaces 61 of the lower jaw sides walls 38. The
arms 74 are biased outward to impede proximal move-
ment of the feed shoe 70. The arms 74 permit distal
movement of the feed shoe 70. The feed bar 32 is
advanced, and the arms 74 of the feed shoe 70 pass
over the walls 68 of the grasper bar 31. The arms 74
then engage the next set of notched surfaces 61 located
distally a distance of about one clip length. The C-
shaped walls 68 of the grasper bar 31 serve to prevent
undesirable transverse movement of the feeder shoe 70
and maintains the sequential alignment of the clips in
the stack 35 by guiding the clips as they are advanced.

When the feed bar 32 is advanced, the feed bar 32
moves distally to advance the distal most clip while the
feed plate 130 and the stack 35 remain stationary.
When the distal end 132a of the slot 132 contacts the
tab 131, the feed plate 130 advances. The slot 132 and
tab 131 provide a sequential separation of the two
actions of feeding the distal most clip 34 in front of the
feed bar 32 and advancing the stack 35. This feature
reduces the possibility of clip jamming, among other
things, from the effects of partially opening and closing
of the trigger 11 during placement of the jaws 8, 9 over
tissue.

When the feed plate 130 is advanced, the feed
shoe 70 is advanced because the tab 73 is engaged in
one of the feed plate slots 60. The upwardly extending
walls 135 of the feed plate help guide the lower tabs 76
of the clip and the feeder shoe 70. The distal end of the
feed shoe 70 advances the stack 35 of clips towards the
distal end of the instrument. Each time the trigger 11
fully advances the feed plate 130 and feed bar 32, the
feed shoe 70 advances by one clip length. The grasper
bar 31 has a cantilevered lifter spring 86 located
towards its distal end. The cantilevered lifter spring 86
extends down from the ceiling 69 of the grasper bar 31.

During the initial advancement of the grasper bar
31, the distal most clip is moved from the longitudinal
plane of the stack 35 into the longitudinal plane of the
feed bar 32. During the second step of the trigger
stroke, distal end of the feed bar 32 advances the distal
clip 34 into the jaws 8,9 which have closed over, com-
pressed and temporarily occluded a tissue structure 99.
After the first clip is placed, the feed plate 130 is
advanced by continued distal movement of the feed bar
32 advancing the stack 35. The next distal most clip is
moved downward from the feed plate 130 and in front of
the feed bar 32 by the cantilevered spring 86, as the
feed bar 32 and then feed plate 130 are retracted at the
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end of the trigger return. The cantilevered spring 86 pre-
vents the distal most clip from retracting with the feed
bar 32 and feed plate 130. Thus, the distal most clip in
the stack 35 is transferred by the cantilevered lifter
spring 86 after the second stage of the trigger stroke is
completed and the trigger is returned to its original posi-
tion.

A longitudinal channel 93 is formed in the lower jaw
9 through which a downwardly extending depression 88
of the feed bar 32 rides to ensure the proper placement
of the distal end of the feed bar 32 with respect to the
distal clip throughout clip advancement and placement.
When the distal clip is lowered into the plane of the feed
bar 32, the lower transverse tabs 76 ride on shelves 90
formed in the side walls 38 of the lower jaw 9. The
shelves 90 interface with the inner surface of the lower
transverse tabs 76. The upper transverse tabs 75 ride
along ramps 91 which engage the inner surfaces of the
upper tabs 75 and angle the upper tabs 75 towards the
top jaw 8, causing the inner tissue engaging surfaces
78, 79 of the biased leg members 62, 63 to separate
from each other to provide the opening 85. At the end of
the ramps 91 the upper transverse tabs make a transi-
tion from the lower jaw 9 to rails 92 in the top jaw 8. The
rails 92 engage the inner surface of the upper trans-
verse tabs 75. Thus, the first tissue engaging surface 78
of the first leg member 62 is advanced into the top jaw 8
above the compressed tissue structure 99. The second
tissue engaging surface 79 of the second leg member
63 is advanced into the lower jaw 9 below the com-
pressed tissue structure 99.

Throughout the advancement of the clip, the body
of the clip is contained within longitudinal channels 93
and 94 in the top jaw 8 and lower jaw 9, respectively.
Upper transverse tabs 75 advance to openings 95
towards the distal end of the top jaw 8. The width of the
opening 95 is greater that the inner width of the rails 92
and closely corresponds to the outside width of the
upper transverse tabs 75. The tabs 75 disengage from
the top jaw 8 as they are advanced through the opening
95, allowing the upper leg member 62 to resiliently
move toward the lower leg member 63 and contact tis-
sue structure 99 with the tissue engaging surface 78.

Likewise, at approximately the same time, lower
transverse tabs 76 reach opening 96 towards the distal
end of the lower jaw 9. The width of the opening 96 is
greater that the inner width of the shelves 90, and
closely corresponds to the outside width of the lower
transverse tabs 76. This allows the tabs 76 to disengage
from the lower jaw 9 through the opening 96, allowing
the lower leg member 63 to resiliently move toward the
upper leg member 62 and contact tissue with the tissue
engaging surface 79. The position of the tabs 75,76 cor-
responds to the timing of leg member disengagement
from the jaws 8,9 of the instrument, to correctly place
the clip on the tissue. Although an upper and lower set
of transverse tabs are shown, a number of combina-
tions, including a single tab alone, are possible for dis-
engaging a clip from the instrument.
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In addition to the release of the upper and lower
transverse tabs 75, 76 through openings 95, 96 respec-
tively, the channel 94 in the lower jaw 9 curves upward
at its distal end to urge the clip 34 upward as it is disen-
gaged from the lower jaw 9. Also, a longitudinally posi-
tioned kickoff spring 101 placed on the floor 39 of the
jaw 9 assists the release of the clip 34 from the instru-
ment. The kickoff spring 101 is compressed downward
as the clip 34 is advanced distally into jaws 8,9. As top
jaw 8 opens, the force holding the clip against the kickoff
spring 101 is released and the spring 101 urges the clip
out of the jaws 8,9.

The kickoff spring 101 extends from distal end of
floor 39 of lower jaw portion 41 through channel 94 of
lower jaw 9 as follows. The kickoff spring 101 is located
along the longitudinal axis of the front lower jaw 9. The
kickoff spring 101 includes proximally located, trans-
versely extending attachment tabs 101a which fix the
spring 101 to slots 9a in lower jaw 9 and prevent longi-
tudinal, distal and proximal movement of the spring 101.
In a resting position, the kickoff spring 101 is resiliently
biased upward and has an upper portion 101b which
may be depressed towards the lower jaw 9 by a clip
passing through the jaws 8, 9. As the spring 101 is
depressed, the distal end of the spring 101 slides for-
ward within the jaw 9. The spring has a downward
angled distal surface 101c which flattens out as the clip
passes over the spring 101. When the lower transverse
tabs 76 of the clip 34 are released from the shelves 90,
the kickoff spring 101 acts on the bottom of the clip to lift
the clip away from the lower jaw 9. The distal surface
101c rises as the clip is released and prevents the clip
from retracting proximally back into the jaw 9.

The stack 35 of clips 34 is moved sequentially until
all clips have been dispensed. The shaft 5 includes a
clip indicator 80 which allows the user to identify when
there is approximately one unused clip remaining in the
instrument 1. The clip indicator 80 comprises a longitu-
dinally positioned hole 81 in the support tube 33 located
towards the distal end of the support tube 33 and a cor-
responding hole 83 in the grasper bar 31. The feeder
shoe 70 has a colored marker 89 which shows through
the holes 81, 83 when the feeder shoe 70 passes
underneath the holes 81, 83 as it is advanced distally.
When the feeder shoe 70 passes the hole 81 and corre-
sponding hole 83, one clip remains.

A track plug 50 is positioned within the opening 47
of the lower jaw 41 and within the proximal end of the
grasper bar 31, to reduce the outward flow of body cav-
ity gases through the opening 47. The plug 50 is held in
place and motionless with respect to the longitudinal
motion of the grasper bar 31 and feed bar 32 by return
spring 24.

Although the instrument is shown to have one
moveable and one stationary jaw, the instrument may
have both jaws moving to close over tissue to be
occluded.

Figure 3A illustrates a preferred embodiment of the
clip applier 1 prior to actuation. At this stage, as further
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illustrated in Fig. 5A, the jaws 8,9 are open and may be
placed about a tissue structure 99. Fig. 4A illustrates an
enlarged cross section of the shaft 5 corresponding to
the initial position of the device as illustrated in Fig. 3A.
The transverse arms 74 of the feeder shoe 70 are
engaged against the notched surfaces 61 of the lower
jaw walls 68. The tab 73 extends downward from the
lower arm 72 and engages in one of a longitudinal
series of slots 60 in the feed plate 130 and extends into
the v-shaped notch or indentation 134 of the feed bar
32.

Figure 3B illustrates the clip applier of Fig. 3A as it
completes the tissue grasping stage of the trigger actu-
ation. The protrusion 15 on the anti back-up arm 14 of
the feed cam 16 has just engaged with the rib 7 of the
housing. Thus, until this point (see Fig. 3A) the user can
release the trigger 11 to open and reposition jaws 8,9.
Just prior to locking, the protrusion 15 reaches the rib 7
and an increased tactile force is perceived by the user in
actuating the trigger arm 18. The increased tactile force
is a result of protrusions 3 on an arm 2 contacting rib 6
in housing 4. This indicates to the user that any addi-
tional force applied to the trigger arm 18 will require the
user to complete the clip placement in order to release
the jaws 8,9.

Figure 4B corresponds to the stage just prior to
locking. The jaws 8,9 are closed and the distal most clip
has not been significantly advanced. Once the protru-
sion 15 engages with the rib 7 of the housing as shown
in Fig. 3B, the trigger stroke must be completed.

Fig. 3B illustrates the end of the first stage and the
initiation of the second stage of the trigger actuation.
The protrusion has engaged with the rib 7 and the clip
placement stage has been initiated (Fig 3B).

Fig 4B corresponds to the distal most clip advanc-
ing stage of the trigger actuation also illustrated in Figs
3B and 5C. The feed bar 32 is advanced distally before
the slot 132 engages the downward tab 131 of the feed
plate 130.

Figs 3C, 5D, 5E and 5F illustrate the continuation of
the actuation with the clip stack 35 advancing as the slot
132 of the feed bar 32 engages the tab 131 of the feed
plate 130 to advance the feed plate 130. The feed shoe
70 correspondingly advances the clip stack 35 the dis-
tance of one clip as the feed plate 130 advances. Trans-
versely biased arms 74 move across walls 68 of grasper
bar 31.

As shown in Figure 5C, the distal clip 34 sits just
proximally of tissue compressed by jaws 8,9 just after
the first portion of the distal advancement occurs. The
upper transverse tabs 75 of the first leg member 62 ride
up ramps 91 to the top jaw 8, separating the inner tissue
engaging surfaces 78, 79 of the biased leg members
62, 63 from each other to provide the opening 85.

In Figure 5D, the clip 34 is advanced over the tissue
structure. In Figure 5E, the clip begins to disengage
from the jaws and the kickoff spring 101 pushes the clip
out of the jaws while the distal surface 101¢ prevents the
spring from sliding back into the jaw 9. In Figure 5F, the
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clip is disengaged from the shelves 90, rails 92, jaws 8,9
at the distal end 40. This corresponds to the end of the
trigger stroke, as illustrated in Fig. 3C. When the clip 34
is disengaged and the trigger arm 18 is released, the
trigger 11 will return to its original position illustrated in
Figure 3A.

Fig 4C illustrates the shaft of the instrument when
the trigger is released after the end of the trigger stroke.
The in line spring 23 causes the feed plate 130 and the
feed bar 32 to retract. The biased arms 74 of the feed
shoe 70, however, remain engaged against the notched
surfaces 61 in the walls 38 of the lower jaw portion 41 so
that the feed shoe 70 remains stationary. The lower arm
72 of the feed shoe 70 ramps out of the slot 60a in feed
plate 130 in which it was positioned and into the slot 60b
distal of slot 60a. Also, the next distal most clip is moved
downward in front of the feed bar 32 as the feed bar 32
is retracted at the end of the trigger stroke. The cantilev-
ered spring 86 prevents the clip from retracting into the
feed bar 32. Thus, feed shoe 70, feed plate 130 and
feed bar 32 are positioned to advance the next clip upon
a subsequent actuation of the trigger 11.

The clips may be loaded and stored in the shaft as
illustrated or, alternatively, in the handle, or, both shaft
and handle. The applier may be capable of applying a
plurality of clips as shown or a single clip. Also multiple
clips may be simultaneously applied by adapting the
device to accommodate multiple rows of clips and mul-
tiple disengagement means at the business end. A cut-
ting means made be included in this embodiment, for
cutting a ligated structure between two of the clips.

Referring now to Figs. 13-16 there is illustrated an
alternative embodiment of the present invention. An end
effector 111 of a clip applying instrument is illustrated
having: a shaft 105; a clip advancing fork 114 extending
longitudinally through the lumen of a shaft 105; and a
pair of pivotally attached hollow jaws 108, 109 coupled
to the distal end of the shaft 105. The fork 114 has an
upper prong 112 and a lower prong 113, respectively.
Each prong 112,113 has a protrusion 116, 117 extend-
ing transversely from the prongs 112, 113. Each protru-
sion 116, 117 has a camming surface 118,119,
respectively. The prongs 112,113 are respectively slida-
ble within lumens 120,121 of jaws 108,109. The lumens
120, 121 of the jaws 108, 109 include camming surfaces
128,129 corresponding to camming surfaces 118, 119
of protrusions 116, 117.

A partially formed deformable clip 122 is situated
within the fork 114. The clip 122 has legs 123, 124 con-
nected on their proximal end by a connecting member
125 and forming a narrow opening 126 on their distal
end. The clip 122 is held by the legs 123,124 between
the prongs 112, 113 of the fork 114.

The jaws 108, 109 are initially biased away from
each other. As the clip fork 114 is advanced, the prongs
112, 113 are advanced through the lumens 120, 121.
As the fork 114 is advanced, the clip leg 123 slides
within the lumen 120 of the top jaw 108 and the clip leg
124 slides within the lumen 121 of the bottom jaw 109.
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In use, a tissue structure to be ligated is placed
between the jaws 108, 109. The clip fork 114 is
advanced, closing the jaws 108,109 together and pre-
compressing the tissue structure between the jaws
108,109. The fork 114 simultaneously advances the clip
122 over the pre-compressed tissue structure so that
the tissue structure lies between the legs 123, 124 of
the clip 122. The opening 126 of the semi-formed clip
122 is just sufficiently large enough to fit over a pre-
compressed tissue structure and is small enough to fit
within the shaft 105. Prior to any contact between cam-
ming surfaces 118, 119 and camming surfaces
128,129, the fork may be retracted, releasing the jaws
108, 109 from the tissue structure before the clip 122 is
closed over the tissue structure.

As the clip fork 114 advances further, the camming
surfaces 118,119 contact camming surfaces 128, 129
which force the prongs 112,113 to close together. As
the prongs close, they in turn force the legs 123,124 of
the clip 122 to close together over the pre-compressed
tissue. The clip 122 is made of a deformable material.
Thus when the clip 122 is closed, it is formed into its
final shape and remains closed.

The clip fork 114 may be retracted, thereby opening
the jaws 108,109, leaving the clip in place, ligating the
tissue structure.

Ligating clips may be applied to blood vessels dur-
ing a surgical procedure either as a single clip using a
single clip applier or utilizing a multiple clip applier. The
instrument may be inserted through a cannula during an
endoscopic procedure and if a multiple clip applier is
being used, the instrument may ligate or place clips on
a number of vessels at a number of locations.

Figure 18 illustrates a trocar 201 and cannula 200
of the present invention to be used as an access port
through which the clip applier of Fig. 1 may be used.
The cannula 200 has an inside diameter, D¢. The trocar
201 has a puncturing tip 202 coupled to a shaft 203 and
a trocar handle 204. The trocar 201 is removably
inserted through hollow tube of cannula 200 with punc-
turing tip 202. extending distally of the cannula tube
200. The trocar 201 and cannula 200 are used to punc-
ture tissue to access a surgical site. The trocar 201 is
removed to provide an access port through which the
fastener instrument 10 may be inserted to treat tissue at
the surgical site.

The cannula’s inner diameter preferably has a size
relationship to a closed clip height of a clip contained in
the fastening instrument 10. Preferably the ratio of the
cannula size (cannula inner diameter) to closed clip
height is as close to unity as possible. For medium-large
sized clips, the maximum ratio of cannula size to closed
clip height is preferably about 2.7. The maximum ratio of
cannula size to closed clip height for the medium sized
clip is preferably about 3.2. The maximum ratio of can-
nula size to closed clip height for the small sized clip is
preferably about 5.6. The clip sizes defined herein are
intended to generally reflect the clip sizes known in the
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art and currently used in disposable clip appliers for
laparoscopic and endoscopic surgery.

The instrument may be made from various materi-
als such as metals, plastic preferably a polycarbonate
resin and the like. Usually if the instrument is made from
stainless steel the instrument will be reusable while if
the instrument is made from plastic materials the instru-
ment will be disposable. In certain embodiments of the
instrument of the present invention, the instrument may
be designed to accept a replaceable cartridge of clips.
This may be accomplished with either a reusable instru-
ment or semi-disposable instrument which is meant to
be used a number of times on a single patient.

Having now described the present invention, it will
be readily apparent to those skilled in the art that vari-
ous modifications and alterations may be made to the
present invention without departing from the spirit and
scope thereof.

Claims
1. Atissue fastener applying instrument comprising:

a housing;

an actuating device associated with said hous-
ing;

a business end coupled to the housing and
located at a distal end of the instrument, said
business end comprising a tissue manipulating
portion movably coupled to said actuator; and
a plurality of fasteners contained by said instru-
ment, said plurality of fasteners comprising a
distal fastener and a stack having a front end
and a back end, said front end located adjacent
said distal fastener; and

a fastener feeding device arranged to advance
a fastener towards the distal end of the feeding
device and to place a fastener in a position
around tissue to be occluded, said feeding
device operatively coupled to said actuating
device, said fastener feeding device compris-
ing:

a distal fastener feed element arranged to
advance said distal fastener into said business
end for placement on tissue to be occluded;

a stack feed element having an initial position
and an advanced position, said stack feed ele-
ment arranged to advance the stack towards
the business end of the device as the stack
feed element is moved from the initial position
to the advanced position; and

a ratchet element located at the back end of the
stack, said ratchet element arranged to
advance with movement of the stack feed ele-
ment to the advanced position and to hold the
stack in its advanced position when the feed
element returns to the initial position.
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The instrument of claim 1 wherein said stack feed
element is movably coupled to said distal fastener
feed element.

The instrument of claim 2 wherein said distal feed
element comprises a first distal stroke portion and a
second distal stroke portion, wherein during said
first distal stroke portion, said distal fastener feed
element is arranged to advance distally independ-
ently of said stack feed element, and wherein dur-
ing said second distal stroke portion, said distal
fastener feed element is arranged to engageably
advance with stack feed element.

In combination a surgical access tube and an
instrument for applying surgical fasteners compris-
ing:

a hollow tube for accessing a surgical site
within a patient, said tube having an inner
diameter, and said instrument having a shaft
positionable within said hollow tube; and

a fastener located in said instrument for apply-
ing surgical fasteners, said fastener having a
closed position and a closed fastener height
corresponding to said closed position;

wherein said closed fastener height is such that
the ratio of the tube inner diameter to the
closed fastener height is less than or equal to
5.6.

The instrument and access tube of claim 4 wherein
said closed fastener height is such that the ratio of
the tube inner diameter to the closed fastener
height is less than or equal to 3.2.

The instrument and access tube of claim 4 wherein
said closed fastener height is such that the ratio of
the tube inner diameter to the closed fastener
height is less than or equal to0 2.7.

The access tube and instrument of claim 7 wherein
said access tube further comprises a trocar having
a tissue dividing tip, said trocar removably inserted
through said access tube inner diameter to expose
said tip.

An instrument for applying surgical fasteners com-
prising:

an instrument shaft having a lumen extending
therethrough and a distal end;

opposed tissue compressing surfaces coupled
to the distal end of the instrument shaft;

a fastener advancing device for advancing a
fastener in a position around a compressed tis-
sue structure; and

a fastener disengaging device arranged to dis-
engage the fastener from the said first position

15

20

25

30

35

40

45

50

55

12

to a tissue ligating position around tissue com-
pressed by said tissue compressing surfaces,
said fastener disengaging device comprising a
spring arranged to lift said fastener from said
instrument, said spring including a blocking
portion arranged to prevent re-engagement of
said fastener with said instrument.

9. Aninstrument for applying a plurality of surgical fas-

teners comprising:

a shaft;

a fastener applying end including tissue com-
pressing surface;

a stack of fasteners;

a distal-most fastener, distal of said stack;

a feeding device arranged to simultaneously
advance the distal-most fastener around tissue
compressed by said compressing surface and
to distally advance said stack; and

a disengaging device located at said fastener
applying end, said disengaging device com-
prising a spring arranged to lift said distal fas-
tener from said fastener applying end, said
spring including a blocking portion arranged to
prevent re-engagement of said distal fastener
with said fastener applying end.

10. Atissue fastener applying instrument comprising:

a housing;

an actuating device associated with said hous-
ing;

a business end coupled to the housing and
located at a distal end of the instrument, said
business end comprising a tissue compressing
surface movably coupled to said actuator; and
a fastener feeding device arranged to advance
a fastener towards the distal end of the feeding
device and to place a fastener in a position
around tissue compressed by said tissue com-
pressing surface after the tissue has been
compressed, said feeding device operatively
coupled to said actuating device;

wherein said business end comprises a pair of
jaws, each said jaw having an opposing tissue
compressing surface, at least one said jaw
comprising a tissue positioner comprised of
interruptions in said surface of said at least one
jaw.
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